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This is a library Circulating Copy which may be borrowed for two weeks. For a personal retention copy. call Tech. Info. Dioision, Ext. 5545 to Sl' which is stable in the dark. So is only produced in the reaction bet~."een S4 and water. A certain small (ca. 10%) fraction of the reaction centers. a, is not affected even by the saturating flashes (misses).
Another small fraction (~) is activated twice by a single flash (double hits).
Some modifications of this model have been suggested, most notably by Joliot and Joliot [7J, to correlate fluorescence and oxygen observations, and by Radmer and Kok [8] to include effects of the oxidation state of the acceptor pool on oxygen evolution. Jo1iot et ~ [9] and Bouges-Bocquet [10] presented evidence for a dark reduction of Sl to SO' Weiss et ~ [11] concluded that the observation that the oxygen yield of the third flash in a series required more liqht for saturation than did later flash yields could not be explained by the model by Kok et ~ [5, 6] .
We find that the patterns of oxygen evolution in broken spinach chloroplasts and in whole cells of Anacystis nidulans or Chlore1la pyrenoidosa are essentially the same. ~Je have confirmed that the oxygen yield of the third flash requires more light to reach saturation than do steady-state flash yields and provide an explanation for this behavior in terms of the model of Kok et ~ [5.6] .
MATERIALS AND METHODS
The blue-green alga Anacystis nidulansand the green alga Chlore1la pyrenoidosa were grown at 22°.c)in one liter batch cultures, in shakers -4-exposed to continuous illumination. The cultures were aerated by bubbling with a mixture of 4% CO 2 in air. Three times a week about 90% of the culture volume was replaced by sterile growth medium (Kratz and r~yers [12] medium C for Anacystis and a modified Myers [13] Chloroplasts were prepared from the leaves of spinach plants (Spinacia oleracea var. early hybrid #7) grown from seed in a growth chamber as described by Sun and Sauer [14] . The chlorophyll concentration used in oxygen evolution experiments was 300 ~g m1-1 . NADP (1.5 x 10-4 ~1) and ferredoxin (0.5 ~g m1-1 ) (Sigma Corp. 66% pure) were added as the electron acceptor system. All experiments were carried out in a buffer which contained 0.4 M sucrose, 0.01 M NaC1, and 0.05 M Tris buffer, pH = 7.6.
In the experiments reported here, the bare platinum electrode, xenon flash lamp and attendant amplification and recording devices previously described by Weiss and Sauer [4] and Babcock and Sauer [15] were used.
"
r. [10] . However, even with these parameters, the value for a is twice that observed for isolated
~'. The effects of non-saturating flashes on oxygen evolution
Weiss et~ [11] observed that in Ch10rella cells subjected to short flashes of light from either a xenon flash lamp or a Q-switched dye laser,
. .
-9-considerably more light I'las required to saturate the oxygen yield of the third flash than I'las needed to saturate the steady-state yield.
We confirmed these findings for Chlorella and observed a similar effect in Anacystis. on the other hand, is the fraction of reaction centers which do not receive any excitation energy from the flash.
In these terms
e' -11-
The saturation curve for Y3 is slight1y more complex. Since the • initial state is Sl rather than S3' three flashes must be given before oxygen is evolved. Both a o and a v occur on each flash. Thus (2) ·Since ( Eq. (1) and write the steady-state saturation curve as
The data presented in Fig. 4 have been normalized so that the flash yield at full intensity is unity. (5) In a similar fashion, Y3 and Y 3 are determined to be (6) and This is true when all of the first three flashes are attenuated. In general, when n of the first three flashes are attenuated, the yield of the third fl ash wi 11 be Sigmoidal behavior in flash light-saturation curves has been described by Diner and Mauzerall [18J. However, their curves were obtained for the steady-state flash yield at 10\'1 oxygen tensions. Under these conditions, the observed S-shape at low light intensities is a result of the increased reduction of the A-pool and is distinct from the effect described above.
Indeed, the sigmoidal shape of the curve disappears at higher oxygen tensions and the curve resembles the saturation curve for Y s shown in Fig. 4 .
It is of further interest to note that the model predicts a sigmoidal behavior for the light saturation curve of the third flash which is inde~ pendent of the redox state of the A-pool and involves the use of only one photon per reaction center per flash.
From the results presented in Fig. 1 , it is clear that the method of charge storage in Photosystem II in isolated spinach chloroplasts, and whole cells of Chhrella and Anac,Vstis is basically the same. Sofrovc1 et ~ [20] have recently reported that the effects of Tris-washing and heat treatment on protop1asts and cell-free preparations of the blue-green alga Plectonema boryanum are similar to the effects seen in higher plants.
Their observations support the contention that the mechanism of charge storage and oxygen evolution is the same for blue-green algae and higher plants. Chlorel1a, Anacystis and isolated spinach chloroplasts differ
. primarily in the value of the miss parameter,~. The difference in a probably relates more to the functioning of the primary photochemistry of Photosystem II than to events between the reaction center and the site The increase in ex is not due to insufficient flash intensity nor is it due to the reduction of oxidized intermediates in the dark time between flashes.
Radmer and Kok [8] proposed that the misses which occur during saturating flashes are due to reaction centers which are unable to respond to a flash The insensitivity of isolated spinach chloroplasts to oxygen tension sug~ gests that they may lack the endogenous reductant.
The Similarity in charge storage mechanisms seen in Anacystis, Chlorella, and isolated spinach chloroplasts suggests that the same mechanism is used to oxidize water in all of them. If these organisms are indeed typical representatives of their taxonomic groups, it appears that this mechanism has -15-remained essentially unchanged through the billions of years of evolution since they shared a presumably common ancestor. .. 
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